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Motivations
• Mimic interaction wave / (small-scale) current  
Small-scale currents are hardly observed or simulated  
Waves see them during very short time 
• Quantification of associated modelling errors 
 
• Improve the Scalian’s wave simulator  
• Study influence of swell / current interactions onto satellite altimetry
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Ensemble forecasts and data assimilation
Part I 
Background
 3
SeaMotion-radar 
simulator
• Simple and fast simulation of surface 
gravity waves over very large domain  
• Coupled with radar simulation 
• Lot of physical phenomena taking into 
account  
• Used to study satellite altimetry 
measurements 
Conservation of 
action 
Wave-current 
interaction
Stretching of phase 
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White & Fornberg 1997
Random ray 
ẊR = ug
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(stationary velocity)
Large scale 
group velocity:  
Wave: 
Doppler 
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Ratio 
vorticity / strain rate
Simple linear case 1: 
stationary deterministic, 
divergence-free and 
linear in x large-scale velocity
Stretching of phase 
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Wave shortening
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= r   cos(⇣)
Wave rotation
D
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(ln (kr⇥k)) =   sin(⇣)
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Dispersion ratio 
At the first order 
in steepness : 
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Stochastic 
transport
Dispersion ratio 
At the first order 
in steepness : 
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Frequency without currents
Stochastic 
transport
Dispersion ratio 
At the first order 
in steepness : 
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Conservation of action 
Log-normal amplitude
Simple linear case 2: 
no large-scale current 
+ homogeneous and divergence-free  
small-scale velocity
Wave with  
Brownian phase 
Stochastic stretching of phase 
Log-normal wave- number
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Large scale 
group velocity:  
Small scale 
group velocity: 
Wave: 
Doppler 
frequency:
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Simple linear case 3: 
               divergence-free and linear-in-x large-scale current 
+ homogeneous and divergence-free  
small-scale velocity
Stochastic stretching 
of phase 
k̇ =  r(w +  Ḃ)T k
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Simple linear case 3: 
               divergence-free and linear-in-x large-scale current 
+ homogeneous and divergence-free  
small-scale velocity
Stochastic stretching 
of phase 
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Simple linear case 3: 
               divergence-free and linear-in-x large-scale current 
+ homogeneous and divergence-free  
small-scale velocity
Stochastic stretching 
of phase 
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Simple linear case 3: 
               divergence-free and linear-in-x large-scale current 
+ homogeneous and divergence-free  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!0 =
p
gkkk
<latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit>
+rk!0
<latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit>
Conservation of action 
Amplitude
General case
Random ray ẊR = ug
<latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit>
Stochastic stretching of phase 
Wave- vector
Ȧ =  r · ug A
<latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit>
A =
a2
!0
<latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit>
 12
k̇ =
⇣
 r(w +  Ḃ)T + (r T )2
⌘
k
<latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit>
Large scale 
group velocity:  
Small scale 
group velocity: 
Wave: 
Doppler 
frequency:
w
 Ḃ
ae
i
✏ 
<latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit>
!0 =
p
gkkk
<latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit>
+rk!0
<latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit>
Conservation of action 
Amplitude
General case
Random ray ẊR = ug
<latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit>
Stochastic stretching of phase 
Wave- vector
Ȧ =  r · ug A
<latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit>
A =
a2
!0
<latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit>
 12
k̇ =
⇣
 r(w +  Ḃ)T + (r T )2
⌘
k
<latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit>
Fonction of k
Large scale 
group velocity:  
Small scale 
group velocity: 
Wave: 
Doppler 
frequency:
w
 Ḃ
ae
i
✏ 
<latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit>
!0 =
p
gkkk
<latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit>
+rk!0
<latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit>
Conservation of action 
Amplitude
General case
Random ray ẊR = ug
<latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit>
Stochastic stretching of phase 
Wave- vector
Ȧ =  r · ug A
<latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit>
A =
a2
!0
<latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit>
 12
k̇ =
⇣
 r(w +  Ḃ)T + (r T )2
⌘
k
<latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit> Fonction of x
Fonction of k
Large scale 
group velocity:  
Small scale 
group velocity: 
Wave: 
Doppler 
frequency:
w
 Ḃ
ae
i
✏ 
<latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit>
!0 =
p
gkkk
<latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit>
+rk!0
<latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit>
Conservation of action 
Amplitude
General case
Random ray ẊR = ug
<latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit><latexit sha1_base64="57XQrzXQtJyLG/FiAyK7xI4RfIs="></latexit>
Stochastic stretching of phase 
Wave- vector
Ȧ =  r · ug A
<latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit><latexit sha1_base64="gpElryHR3D/77qNiNIOA6JRtUTk=">AAACCnicbVDLSsNAFL3xWesr6tLNaBHcWBIRdCNU3bisYB/QhDCZTtqhk0mYmQildO3GX3HjQhG3foE7/8ZJm4W2HrhwOOfemXtPmHKmtON8WwuLS8srq6W18vrG5ta2vbPbVEkmCW2QhCeyHWJFORO0oZnmtJ1KiuOQ01Y4uMn91gOViiXiXg9T6se4J1jECNZGCuwDr5todIUu0QnyBA45Rh7JpSzoIc8Y5cCuOFVnAjRP3IJUoEA9sL/MmySLqdCEY6U6rpNqf4SlZoTTcdnLFE0xGeAe7RgqcEyVP5qcMkZHRumiKJGmhEYT9ffECMdKDePQdMZY99Wsl4v/eZ1MRxf+iIk001SQ6UdRxpFOUJ4L6jJJieZDQzCRzOyKSB9LTLRJLw/BnT15njRPq65Tde/OKrXrIo4S7MMhHIML51CDW6hDAwg8wjO8wpv1ZL1Y79bHtHXBKmb24A+szx+b5Zel</latexit>
A =
a2
!0
<latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit><latexit sha1_base64="FyPRReC9wNBTIXdqPFFze18peno=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpgm6EqhuXFewDmhgm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrid+54FIRWNxp8cJ8TkaCBpRjLSRAvvgEl5AL5IIwwzd1/PMizkZoMDJA7vq1Jwp4CJxC1IFBZqB/eX1Y5xyIjRmSKme6yTaz5DUFDOSV7xUkQThERqQnqECcaL8bPpCDo+N0odRLE0JDafq74kMcaXGPDSdHOmhmvcm4n9eL9XRuZ9RkaSaCDxbFKUM6hhO8oB9KgnWbGwIwpKaWyEeIpOHNqlVTAju/MuLpF2vuU7NvT2tNq6KOMrgEByBE+CCM9AAN6AJWgCDR/AMXsGb9WS9WO/Wx6y1ZBUz++APrM8fpJuWUA==</latexit>
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k̇ =
⇣
 r(w +  Ḃ)T + (r T )2
⌘
k
<latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit><latexit sha1_base64="yyoGi4x14MK+FBcfe1JN153aekY="></latexit>
Non-linear 
coupling
Fonction of x
Fonction of k
Large scale 
group velocity:  
Small scale 
group velocity: 
Wave: 
Doppler 
frequency:
w
 Ḃ
ae
i
✏ 
<latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit><latexit sha1_base64="Z3ehz/sR71DQZZpe+6LhhwJXmDg=">AAACBHicdVDLSgNBEJyNrxhfUY+5DAbBU9jVhE1uQS8eI5gHZGOYnfQmQ2Znl5lZISw5ePFXvHhQxKsf4c2/cfIQVLSgoajqprvLjzlT2rY/rMzK6tr6RnYzt7W9s7uX3z9oqSiRFJo04pHs+EQBZwKammkOnVgCCX0ObX98MfPbtyAVi8S1nsTQC8lQsIBRoo3UzxcIhpvUCyShmGEPYsV4JLAXj9i0ny/apZp7Vj6rYkOqFd e1F6Ti1LBTsucooiUa/fy7N4hoEoLQlBOluo4d615KpGaUwzTnJQpiQsdkCF1DBQlB9dL5E1N8bJQBDiJpSmg8V79PpCRUahL6pjMkeqR+ezPxL6+b6KDaS5mIEw2CLhYFCcc6wrNE8IBJoJpPDCFUMnMrpiNiAtEmt5wJ4etT/D9pnZYcu+RclYv182UcWVRAR+gEOchFdXSJGqiJKLpDD+gJPVv31qP1Yr0uWjPWcuYQ/YD19gmTw5gU</latexit>
!0 =
p
gkkk
<latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit><latexit sha1_base64="VAqMN3xDjR0D6Y2yTytl+xg9lIc=">AAACCXicdVDLSsNAFJ34rPEVdelmsFhchURaWhdC0Y3LCvYBTQiT6SQdOnk4MxFK7NaNv+LGhSJu/QN3/o3TNoKKHrhwOOde7r3HTxkV0rI+tIXFpeWV1dKavr6xubVt7Ox2RJJxTNo4YQnv+UgQRmPSllQy0ks5QZHPSNcfnU/97g3hgibxlRynxI1QGNOAYiSV5Bmw4iQRCZFnwVPH0WEFOuKayzyEzu1I1cQzypZ50qjZdQvOSdUuSK0BbdOaoQwKtDzj3RkkOItILDFDQvRtK5VujrikmJGJ7mSCpAiPUEj6isYoIsLNZ59M4KFSBjBIuKpYwpn6fSJHkRDjyFedEZJD8dubin95/UwGDTencZpJEuP5oiBjUCZwGgscUE6wZGNFEOZU3QrxEHGEpQpPVyF8fQr/J51j07ZM+7Jabp4VcZTAPjgAR8AGddAEF6AF2gCDO/AAnsCzdq89ai/a67x1QStm9sAPaG+fMZWYyA==</latexit>
+rk!0
<latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit><latexit sha1_base64="AIwHln0yfYQX/LMyYPfFnse7j5g="></latexit>
Conclusion
 13
Conclusion and outlooks
• Method of characteristics : low computational costs 
We can simulate a lot of realisations, and initial conditions 
• Understanding the dynamics with increasing complexity 
• With satellite measurements, 
try to predict wave spectra variations due to Agulhas courant 
• Integration into the SeaMotion Radar 
• Which are the swell / current  effects on satellite measurements? 
• Outlook : stochastic Wave Watch III
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